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Abstract 
Energy saving and emission reduction are gradually receiving more and more attention, the railway system is an 
important part of the national economy, so the energy saving of it becomes a hotspot. In this paper, the main purpose 
is to give some feasible schemes to make the economy of electric system of the modern high speed railway much 
better, a segment of Hefei-Wuhan railway line is chosen as a research sample. With simulation based on 
PSCAD/EMTDC platform, some irrationalities in the electric design of the high speed electrified railway which will 
lead to much electric energy waste and affect the economic and social benefits of enterprise are found, such as 
irrationalities in the selecting of the transformers and the reactive power saving, and the reasons are analyzed. Then, 
optimize proposals are proposed with the knowledge such as smart grid and the FACTS technology, which contribute 
practical and heuristic significance to improve the economy of railway line.   
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1. Introduction 
Nowadays, the railway is connected to the power system closely and many facilities can not run 
without electric power. The high speed electrified railway line power system can be divided into two 
kinds, one is the power supply system which supplies power to the train station and continuous power 
transmission line, the other is the traction power supply system to the traction engine. The power supply 
system provides electric power for the load in the train station, for example, the load of communication, 
signal, repairing and the load of the continuous power transmission line. The continuous power 
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Yumin Xiong et al. / Energy Procedia 16 (2012) 1940 – 1947 1941
Author name / Energy Procedia 00 (2011) 000–000 
 
transmission line adopts double bus bars and gets power from the adjacent two transformer substations. 
When there’re errors in one bus or one substation, another one will provide power for the first level 
loads, so the reliability is relatively high. Usually, the load factor of the transformers is often 30%~40% 
and when transformers are in the state of backup, the load factor will be high, for example 80%, even 
100%.  
In the big background of promoting the energy saving and environmental protection, energy saving of 
the railway receives a wide range of attention [1]. As an important energy waste origin of the railway 
system, the control of the electric power waste is an important aspect, many measures have been done to 
reduce it. However, there are still some unreasonableness in the electric design in the railway line, for 
example, transformers are chosen in a unreasonable way, reactive power compensation is not flexible [2]. 
The unreasonableness will bring energy waste. In this paper, the research is mainly done for the railway 
power supply system with the knowledge such as smart grid and the FACTS technology. Figure 1 shows 
a typical 10kV railway power supply system. 
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Figure 1.  A typical 10kV railway power supply system. 
2. Unreasonablenesses of the Railway Power Supply System
In a long period of time, the way of selecting the distribute transformers for the continuous power 
transmission line of the Hefei-Wuhan is just estimate the peak load, and then multiply by a coefficient 
known from experience. So, it may lead to transformers' overload or oversize. And there are some 
railroad switch loads that can become relatively heavy when the railway switches act, but in the other 
time, they are light, which is only 50% of the peak value. The current curve when railway switches act is 
shown in Figure 2. So if select transformers according to the peak value, the capacity of the transformers 
will seems too large when there is no railway switches motion. In consideration of the analysis above, 
loads can be divided into two kinds when selecting transformers, one is the load of railway turnout which 
can be called shock load, the other is the loads except the shock load, which can be called conventional 
load. 
-1
1 2 3 4 5 6 70
0
1
2
3
Time(s)
(A
)
I
 
Figure 2.  A typical current curve when railway switches act. 
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And there are also irrationalities in the reactive power compensations. The distribution system for high 
speed railway has some features, cables are widely used in railway power line and the load rate fluctuates 
in a wide range, usually 10%-40%, but sometimes can even be 60%-80%. Because of the using of cable, 
when the load rate is low such as 10%, the distribution system presents capacitive characteristics, but when 
the load rate goes up, for example, 80%, the system would gradually present inductive characteristics. Now 
in Hefei-Wuhan railway line, fixed electric reactors are used as the compensation, so it is not flexible and 
can not meet the request of the loads when they fluctuate.  
Table 1. Running Condition of Continous Power Transmission Line with Existing Compensation Devices 
 Power（MW/MVar) 
Load 
Rate 
Terminal 
voltage 
(kV) 
Power 
factor of 
the PCC 
Active 
Power 
Reactive 
Power 
0% 9.88 0.059 0.0061 0.1025 
10% 9.783 0.353 0.0504 0.1336 
20% 9.671 0.489 0.0964 0.1721 
30% 9.579 0.573 0.1402 0.2005 
40% 9.473 0.623 0.1884 0.2365 
50% 9.361 0.652 0.2366 0.2749 
60% 9.243 0.672 0.2863 0.3154 
70% 9.124 0.685 0.3362 0.3577 
80% 9.018 0.693 0.3813 0.3970 
90% 8.901 0.697 0.4254 0.4373 
100% 8.782 0.701 0.4774 0.4851 
3. Optimize Schemes of the Transformer Selection 
3.1 The selection of transformers for the conventional load 
This paper brings equivalent annual cost to compare the economical efficiency of different 
transformers for the conventional loads is a reasonable way. When using the method, the construction and 
maintenance cost can both be considered. A usual equivalent annual cost formula is given in equ.(1)[3]. 
 
                   
(1 )
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+= ++ −                                                                 (1) 
Where A is equivalent annual cost, Z is the construction cost of the transformer, C is the annual 
running cost which contain the maintenance cost which is 0.2% of the construction cost of the transformer 
and the cost of energy power wasted by the transformer. i is the discount rate, and is the computing 
period which used be a constant of 30. 
n
The energy power waste in the maintenance cost C can be got by equ.(2) multiplied by electricity 
selling price. 
               8760 ( )B P P P τ= Δ + −Δ                                                       (2) 
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B  is the annual energy waste of the transformer, PΔ is the no-load loss, is the total loss, and PWhere 
τ  is the loss hours of the peak load which can be determined by the utilization hours of the peak load 
Tmax. and   can be read form the nameplate.  P PΔ
When using this method, the peak load should be estimated first, and transformers' overload capacity 
are considered, then some optional transformers can be found. Calculate the cost using the equ.(1), the 
best one of different Tmax can be found. 
3.2 The selection of transformers for the shock load 
When choosing transformers for the shock load, if the method in A are used, the capacity of the 
transformer will be too large when de railroad switches are not acting, so selecting transformers using in 
accordance with the peak load is unreasonable. If the super capacitors are used to support the shock load, 
then the transformer only need to support the conventional load and the capacity can be reduced.  
The construct of the super capacitor connected to the continuous power transmission line can be seen 
in Figure.3. The advantages of the construct are low construction cost, easy to control and integrate [4]. 
When the railroad switches do not act, the capacitor can be charged by the bus, preparing for the next 
sharp increase of the load, then the switches act, the capacitor quickly discharge to support the shock 
load. So, the energy can be used rational. When adopting the super capacitor to compensate the reactive 
power, the capacitors are connected with the load in parallel. Control the discharging of the capacitor to 
the load, and then charges when the load is light.  
L
Super 
capacitor DC/AC 
convert
Load
BUS
DC/DC 
convert
 
Figure 3.  The construct of the supercapacitor cinnected to the system. 
Through the simulation in matlab, the discharge curves of the supercapacitor and the power fluctuation 
in the interface of the transformer can be seen in Figure 4 and 5.  
 
Figure 4.  The curve of the supercapacitor’s discharging . 
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Figure 5.  The curve of the interface of the transformer . 
As we all can see, when adopting the supercapacitor, it can track the sudden change of the load, and 
the power fluctuation at the interface of the transformer is nearly zero. In other words, the way of 
choosing transformer for shock loads can be same to the conventional ones which avoiding the waste of 
transformers’ too big capacitor. 
Moreover, nowadays the new power sources are gradually emphasized. If new sources such as wind 
energy and solar energy can be used as the power supply of the capacitor, it can be save more energy and 
cleaner. Up to day, there is no example of the capacitors’ using in the railway, so there still many 
problems should be solved when really carry out the idea. But these suppose is prospective and it is a 
direction can be considered of the smart grid.  
4. Optimize Schemes of the Reactive Power Compensation 
4.1 Reactive power compensation using the magnetically controlled reactors 
According to the analysis above, the continuous transmission line needs a reactive power 
compensation scheme that can provide reactive powers the system wanted which can change according to 
the fluctuation of the loads. 
Now, magnetically controlled reactor (MCR) has been an attractive equipment of reactive power 
compensation, because of its many advantages, such as good economical efficiency, fast response time, 
tracing the reactive power automatically and easy to control. The thyristor only need to bear about 2% of 
the rated voltage and the rated current, so it can be used in networks of any voltage step. Figure 6 shows 
the construct of MCR system. 
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Figure 6.  The construct of the MCR system. 
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The loads are expressed by Px+jQx2，the capacitor absorbs a constant reactive power of –jQc, the MCR 
absorbs an alterable reactive power of jQx1, the jQx1 can make jQx1-jQc+jQx2≈0 through quick change. 
The MCR system can compensate both capacitive and inductive reactive power, and it can also suppress 
the 3rd, 5th and 7th harmonic efficiently [5]. The application of the MCR in the high speed electrified 
railway is feasible and reasonable. 
4.2 Application of STATCOM Controllers 
A static synchronous compensator (STATCOM) is a regulating device used on alternating current 
electricity transmission networks. It is a member of the FACTS (Flexible AC Transmission Systems) 
family of devices. It has been proved to be very good performance reactive power compensation 
equipment [6, 7]. Because of this, this paper will apply it to high speed electrified railway reactive power 
compensation.  It is based on a power electronics voltage-source converter and can act as either a source 
or sink of reactive AC power to an electricity network [8]. If connected to a source of power it can also 
provide active AC power. A single phase equivalent of the STATCOM connected to the power system is 
showed in Figure 7. 
PI PI
PI
Triangular Carrier Signal
PWM STATCOM
abc
dq
Uq
Udila
ilb
ilc
Uc_ref
dq
abc
Uc
id
iq
-1
+
-
+
-
+
-
abc
dq
isa
isb
isc
 
Figure 7.  Simple power system configurations. 
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Figure 8.  The direct current control technique 
In this paper, the direct current control technique for the STATCOM based on the load current 
detection and dq0 coordinate transformation is adopted (as shown in Figure 8). ila , ilb and are three-
phase load currents; isa , and are three-phase inverter output current direct currents; and 
 present the command and measured value of DC capacitor voltage respectively.  
ilc
Uc
isb isc Uc_ref
The main purposes and control modes of this compensation package are: 
To maintain the capacitor voltage stability. The system offers real-time monitor and control for 
capacitor voltage. Furthermore, the direct-axis component of reference current can be generated by 
comparing voltage command value with measured value. 
To offset the reactive component of load current. Based on the instantaneous reactive power theory, 
reactive current could be calculated as a reactive current command through d-q calculating mode. And 
then the tracking-based PWM mode is applied to control for converter. 
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The research uses the following model of a high-speed railway line under load rate of 30%. And then 
how the STATCOM acts in railway line is simulated in PSCAD/EMTDC. 
 
Figure 9.  Voltage and current (phase A) of system side without compensation. 
 
Figure 10.  Voltage and current (phase A) of system side with compensation. 
Figure 9 and 10 respectively show the wave comparison of phase between voltage and current at phase 
A with and without compensation. Increasing the current by 100 times is necessary for comparative 
analysis. Due to the capacitive effects, the current leads the voltage by an angle without compensation. 
And it can be seen the angle reduces to nearly zero with compensation. Then, the power factor can be 
more than 0.9 after compensation.   
Compared with other reactive power compensations, STATCOM has smaller shape, quicker responds 
and excellent performance. But it can not be used widely in short term because of its difficult control and 
large investment. As the development of the power electronics, it will play more and more important role 
in the reactive compensation of high-speed rail. 
5. Conclusion 
Through the simulation and analysis, irrationalities of the electric design in the electrified railway such as the 
transformer selection and reactive power compensation are found. Based on the results, the paper gives 
some improvement measures and optimizations. It is proved to be feasible and advanced to use the 
technology of smart grid and FACTS in the high speed electrified railway line. The schemes in the paper 
will not only provide some technical reference for the energy-saving design in modern high speed 
electrified railway line but also be of advantage to the development of the emerging technology. 
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